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Introduction 3. 


The energy efficiency of buildings is a major concern in our society. 
The analytical methods needed to evaluate the energy performance 
of buildings must therefore be reliable and effective. The methods 
used for such purposes are simplified methods (rule of thumb, 
temperature ranges (BIN), degree-days, etc.) and detailed methods, 
which make use of detailed analytical software (DOE-2, BLAST). 
The simplified methods are fast and easy to use, but they are not 
very accurate and the range of their results is limited. The detailed 
energy analysis methods do not have these drawbacks, but they 
require some rather tedious data collection work. To remedy this 
situation, a method that retains the advantages of the simplified 
methods and that has a degree of accuracy comparable to the 
detailed energy analyses was developed, thereby filling the gap 
between the simplified and detailed methods. 


Objective of the research project 


The objective of the project was to establish a fast energy estimation 
method for residential buildings. In addition to being fast, the method 
had to give a wide range of results such as total energy consumption 
values, power surges, and heating or cooling consumption values. 
The degree of accuracy of the method had to be comparable to that 
of detailed building energy simulation software products. 


Methodology 


To achieve the objective of the research project, we chose to apply 
neural networks. This application requires a knowledge base that 
serves to carry out the learning of the neural networks. Since the 
database for existing buildings was insufficient, we decided to create 
this base by performing energy simulations of buildings using DOE-2 
software. The method developed is applied to residential buildings 
with 5 to 25 storeys. It comprises the following steps: 
' 

|. creation of the database, 
2. learning of the neural networks and validation of the learning 

results, 


use of the learning results and design of an Energy Estimation 
Assistance System (EEAS) for residential buildings, and 
4. validation of the EEAS. 


Creation of the database 


In order to take into account the residential building particularities 
that strongly influence energy consumption, the databases were 
created at the apartment and corridor levels. This allowed for the 
determination of energy consumption in relation to several 
parameters, presented in Table I. 


The quality of the database is crucial to the accuracy of the energy 
estimation tool. Consequently, we created, in DOE-2 software, 

8 apartment models (4 located in the corners and 4 for the principal 
exposures) and a corridor model per typical storey. The typical 
storeys are as follows: the ground floor, the storey at the neutral level 
from the standpoint of the stack effect and the last storey without 
and with roofing. In addition, we developed and introduced into the 
DOE-2 software three new features that allow for the simulation of 
specific operations related to the controls: (1) of the lighting and the 
curtains, (2) of the opening of the windows and (3) of the operation 
of the corridor ventilation system. 
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Table 1. 
Variable parameters used for the creation of the databases 


Building-related Apartment-related Corridor-related 


Climatic region Exterior wall exposure Surface area 


Exterior wall resistance Surface area Ventilation rate 


Roofing resistance Length / width ratio 


Windows 


Lighting 


Type of windows 


Infiltration Occupancy schedule 


Number of storeys Use of air conditioning 


Corridor ventilation system operating schedul 


Application of the neural networks An analysis of the results revealed that the coefficients of variation 
were very low, except in the case of the apartments with a southern 
A total of 27 neural networks were used: 3 for the estimation of the exposure located on the middle storey and the last storey without 
energy consumption in the corridors and 24 for the estimation of roofing (particularly for the heating). This is due to the magnitudes of 
the energy consumption in the apartments. The learning databases the simulation results obtained.An analysis of the coefficients of 
comprise the results of the 500 to 84/ simulations. The validation of variation (CY) and standard deviations (SD) by range of energy 
the learning of the neural networks was done on an independent consumption in these apartments showed that the CV can be 
database containing the results of 200 simulations. The results of the relatively high even if the standard deviation is very low (sometimes 
statistical analysis to validate the learning of the neural networks are almost negligible). 


presented in Table 2. The table shows only the results for the few 
exposures demonstrating the highest coefficients of variation (CY). 
The CV values for the other exposures are better. 


Table 2. 
Neural network learning results 


Basic electricity Heating electricity Cooling electricity 
consumption consumption consumption 


Exposure CV[%] CV [%] SD [kWh] 
Ae 0.55 1.42 14.06 


storey 0.39 1.33 13.6] 


22.58 


Same results 


Middle as for the as for the 


storey first storey first storey 
Last Same results Same results 
storey as for the as for the 
without first storey first storey 


Last North Same results Same results 


storey South as for the as for the 
with West first storey first storey 


roofing Southwest 


Use of the learning results and design of an Energy The input parameters used in the EEAS are the same as those 
Estimation Assistance System (EEAS) for residential presented in Table |. They allow for the determination of energy 
buildings consumption levels in the apartments and corridors. The energy 
consumption values of certain items such as elevators, exterior 


Fi : ae hi 
A es. is lighting, underground garages, etc. can come from the statistical data 
implified Diagra Idi ; 
P ara for buildings of this type. The data so provided can be added to the 
Creation of i icati 
Pec results obtained by the application of the neural networks. 
oT _—ormecmeenennnns A summation module would then allow for the calculation of the 
Input data considered : ; are : 
as the default rhs. . : total consumption of the building. Figure | presents the development 
parameters , anes i : awa fihe EEAS le chould b d fe 
= = using - : imulation |‘ teps an i : i 
Input Sea Sanaa kapersments and Sy} _sresutls : Saar ag teeth il ae Se aaeer as 
as the var 4 i i 
paranieners a summation module currently applies only to the results for the 


apartments and the corridors. 


Learning of neural 
networks 


Vansbie gaanccest ar — ; : i j 
[cated ramets la Neural) eto oh Figure 2 presents some sample EEAS results. In reality, the results 
| _Simulation results beng Be Demons learning results : are much more detailed, as they can be presented by apartment type, 
in relation to their exposure and location (storey). 


Application of neural 2 Validation of the EEAS 
> network learning results 3 
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rooms, garages, etc.) = consumption levels recorded in a building situated in Ottawa reveals 


that the EEAS is very accurate (the margin of error was 0% for 


occupancy schedule no. 2 and 5% for occupancy schedule no. 1). 
It should be noted, though, that occupancy schedule no. 2 better 
To facilitate the estimation of energy consumption, we designed three corresponds to this building, which is a home for seniors. 

user interfaces, thereby developing an Energy Estimation Assistance 

System (EEAS) for residential buildings with 5 to 25 storeys. These 

interfaces are currently only accessible using MATLAB software, but 

the EEAS code can be translated into C++ language. 


Figure 2. 
EEAS Sample Results (principal window of results) 
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Conclusions 


By changing the variable parameters, the EEAS allows for the 
determination of the annual heating, cooling and basic (utilities and 
lighting) energy consumption levels for apartments and corridors in 
relation to their location. The EEAS also makes it possible to analyze 
the impact of these parameters on energy consumption in residential 
buildings while taking into account the interaction between the 
HVAC (heating, ventilation and air conditioning) systems and the 
envelope of the building under review. 


The EEAS was developed for the climatic conditions in Ottawa. 

To use it in different climatic conditions, an appropriate correction 
would have to be made to the heating and cooling consumption 
values. To avoid these corrections, in the next application of the 
method developed for this project, it would be necessary to plan to 
consider certain climatic file characteristics as variable parameters. 
Obviously, the creation of the database for the learning of the neural 
networks would have to be modified accordingly. 
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A full report on this project is available from the Canadian 
Housing Information Centre at the address below. 


Housing Research at CMHC 


Under Part IX of the National Housing Act, the Government 
of Canada provides funds to CMHC to conduct research into 
the social, economic and technical aspects of housing and 
related fields, and to undertake the publishing and distribution 
of the results of this research. 


This fact sheet is one of a series intended to inform you of 
the nature and scope of CMHC’s research. 


The Research Highlights fact sheet is one of a wide 


variety of housing related publications produced by 
CNH 


For a complete list of Research Highlights, or for more 
information on CMHC housing research and information, 
please contact: 

The Canadian Housing Information Centre 
Canada Mortgage and Housing Corporation 
700 Montreal Road 
Ottawa,ON KIA OP7 


Telephone: | 800 668-2642 
FAX: | 800 245-9274 


| OUR WEB SITE ADDRESS: http://www.cmhc-schl.gc.ca/Research | 


The information in this publication represents the latest knowledge available to CMHC at the time of publication and has been thoroughly 
reviewed by experts in the housing field. CMHC, however, assumes no liability for any damage, injury, expense or loss that may result from 


the use of this information 


